The Zika virus, a member of the flavivirus genus, is an emerging threat to many tropical regions of the world. This study was designed to assess the level of knowledge, attitudes and concern in regards to the Zika virus in the community of Jarabacoa, Dominican Republic, with the hopes of guiding future efforts toward public education and prevention of future public health threats.
Introduction
The Zika virus, a member of the flavivirus genus, is an emerging threat to many tropical regions of the world. It has been associated with flu-like symptoms, Guillain-Barre syndrome and microcephaly in newborns (Cao-Lormeau et al., 2016; Rasmussen, Jamieson, Honein, & Petersen, 2016; Mlakar et al., 2016) . Zika virus is unique in the fact that it is transmitted both through Aedes species mosquito vectors and sexually through bodily fluids as evidenced by D' Ortenzio et al. (2016) who found high viral loads of Zika virus in semen (Chouin-Carneiro et al., 2016) . In addition, Zika has also been associated with early spontaneous abortion. One case study found Zika RNA in placental and fetal tissues by RT-PCR in a mother of 10.5 weeks gestation, further confirming the transplacental transfer of Zika virus (Goncé et al., 2018) . In 2017, there were 966 suspected cases of Zika in pregnant women in the Dominican Republic alone (Pan American Health Organization/World Health Organization, 2017) . Every year the Latino Medical Student Association (LMSA) from the University of South Florida (USF) Morsani College of Medicine (MCOM) travels to Jarabacoa, Dominican Republic, to provide medical care and health education to the local people. Due to the increasing prevalence and concern about the Zika virus, members of LMSA decided to assess local people's knowledge, attitudes and practices towards prevention and spread of infection. Because this virus is one of the only known infectious diseases that are transmitted both sexually and vector-borne, the survey administered attempted to ascertain how knowledge of the virus relates to sexual practices and pregnancy prevention (Paz-Bailey et al., 2017) . In addition, the survey helped to determine the general fund of knowledge the public has about the Zika virus, how the people obtain information, what they are currently doing to protect themselves from virus spread, whether or not the public perception of the virus is accurate and what information is being provided to the general public. This information will help establish the baseline attitudes and knowledge of the Zika virus in this community with the goal of guiding future efforts toward public education and prevention of future public health threats. To date, research on the dissemination of public health information or assessment of public attitudes, knowledge and practices within the rural communities of the Dominican Republic is limited. There is some public health data on knowledge, attitudes and practices in the Dominican Republic provided by the WHO and Pan American Health Association in 2016, but it is limited in evaluating rural communities and the differentiation of non-vector transmission vs. vector transmission of Zika (Pan American Health Organization/World Health Organization, 2017; Pan American Health Organization/World Health Organization/World Vision, 2016). Currently, two independent medical mission groups from USF MCOM travel to Jarabacoa each year to provide healthcare services to the residents. By establishing baseline knowledge and practices toward Zika and its transmission, these groups will be better able to tailor education toward disease transmission, both vector borne and non-vector borne. In addition, this information could help guide future public education in rural communities of the Dominican Republic. Ultimately, the future goal is to educate the residents properly about the virus in order to decrease or minimize the spread of infection.
Methods

Participants
Any individual who entered our clinic who was a native, Spanish-speaking Dominican above the age of 18 and who signed a consent form to participate in the study was eligible. Individuals were excluded if they were below the age of 18 or those that did not want to participate in the study.
Sampling Procedures
Sample Size
Our goal was to achieve a sample size of >100 individuals with an average age of 30. We estimated this based on the previous number of clinic visitors each year. Around 600 individuals visit per year, the majority being women each with 2-4 children with them. This left about 150-200 individuals over the age of 18 and we estimated around half would be willing to participate. We achieved this goal and had a total of 138 participants with an average age of 34.4 years of age.
Selection
Individuals were selected based on those who presented to our temporary medical clinics set up in different locations throughout the community of Jarabacoa. Locations were pre-determined by a LMSA representative based on the areas with the densest population and those areas with the most need for medical services. Participation was strictly voluntary. No participants received any rewards for completing survey.
Survey Completion
Individuals who entered our clinic above the age of 18 were given the option of completing the survey. If they agreed to participate, they were given a consent to read, or be read to depending on their preference. If they agreed, they were sent to a member of our research team in the clinic who would help them fill out the form. The surveys were only filled out by participants. All research documentation was managed strictly by the research team and kept in a locked room in a locked closet when not in use at clinic. No patient identifiers were collected.
Measures
This study was conducted as a cross-sectional, 14-point paper survey and was conducted during October 2016 and October 2017. Surveys were translated into Spanish and verified by a native Dominican speaker. The survey was designed using elements of the World Health Organization (2016) recommended question bank for assessing the knowledge, attitudes and practices of Zika virus in communities. However, the survey was shortened significantly compared to the WHO and tailored to answer our specific questions given the setting and time constraints of a temporary medical clinic. Questions types included i) yes/no ii) free response iii) likert scale of level of concern from 1-5 (1= no concern, 3 = neutral, 5= extremely concerned), iv) circle all that apply. Participants were asked how they protected themselves from the virus including mosquito nets, long sleeves, repellent, condoms, getting rid of standing water or simply prayer. They were asked how they learned about the virus including family, friends, flyers, TV, news, their medical provider or billboards. Their knowledge of the virus was assessed by asking them how the virus was contracted, i.e. mosquitos, blood, sex, pregnancy. Women were specifically asked if they were pregnant or had children. Participants were also asked what form of contraception they used. Surveys were filled out with members of the research team in the temporary medical clinics.
Analysis
Data was translated from paper surveys and organized into an Excel document on a secure computer on a secure network and analyzed using SPSS 22. Descriptive statistics and percentages were calculated for the following questions with both genders and years included: where they learned about zika, where they learned about zika protection, how zika is transmitted, and what they are doing to protect themselves from it. We also selected various factors (including where they learned about zika, what protection methods they are using, knowledge of zika virus transmission, birth control usage, gender, etc) and compared the level of concern for zika contraction vs whether they answered yes or no to these factors. We then compared the yes or no response for each factor with a simple t-test to determine if there were significant differences between the yes or no response. Standard error was calculated in SPSS 22 for each variable and added to the graphs. In addition, A cross tabulation was generated to calculate percentages of women using a certain type of birth control vs their level of concern for contracting the zika virus to determine if there was an association between birth control method and level of concern for contraction of the virus. We also questioned whether gender affected which prevention method people were using. Yes or no responses to various prevention practices were compared vs gender using simpe ttests in SPSS 22, and standard error was determined and added to the graphs. A composite variable was generated for knowledge about zika transmission based on how many correct choices the participant circled. A composite variable was also generated for the total number of prevention practices a participant was using. These composite variables were each separately compared to the participant's level of concern for contraction of the virus using a one-way ANOVA in SPSS 22.
Results
Data was collected during two 3-day periods in October 2016 and 2017. The total sample size was 138 combined over the two years. The result showed that the mean response age of 34.4 years old and 89.2% (N=124) of them were female.
Statistic and Data Analysis
For the total level of concern, on a scale of 1-5 (1=no concern, 3=neutral, 5=extremely concerned), the average over two years was 3.52. Overall, women were more concerned than men about contracting the virus (p<.001, CI -2.477, -0.765) ( Figure 1 ). Of 68 respondents, 66% learned about Zika virus from the TV/news, 15% from flyers, 10% from family/friends, 6% from billboards and 7% other. 81% knew that it is contracted from mosquitoes, 5% from blood, 2% from pregnancy, and only 17% of respondents knew that it is contracted through sex. For protection, 63% eliminated standing water, 53% use mosquito nets, 41% prayed to God, 29% use mosquito repellent, 26% wear long sleeves, and only 8% used condoms. Of the places people learned about protection from Zika, 61% were from TV/news, 32% from their medical provider, 21% from flyers, 18% from family/friends, 9% from billboards and 7% from other (Table 1) . 
No concern
No. %
Some concern
Moderate concern
Very concerned
Extremely concerned
BC method
Condoms Count 1 1.9 0 0.0 0 0.0 0 0.0 1 1.9 2 3.8
Pills Count 1 1.9 1 1.9 1 1.9 1 1.9 9 17.0 13 24.5
Injections Count 0 0.0 0 0.0 1 1.9 1 1.9 1 1.9 3 5.7
Arm implant Count 1 1.9 0 0.0 0 0.0 0 1.9 0 0.0 1 1.9 IUD Count 0 0.0 1 1.9 0 0.0 1 1.9 0 0.0 2 3.8
Other Count 3 5.7 1 1. 
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The goal o and its vec Republic. that the nu with a stu knowledge could be tr were awar study in th sexually tr is concern 90% more et (Ciota, Bialosuknia, Ehrbar & Kramer, 2017) . These other viruses can undergo vertical transmission, however, they are much less successful than Zika (Ciota, Bialosuknia, Ehrbar & Kramer, 2017) . In particular, Zika seems to persist in serum, urine and semen the longest but is unlikely to be transmitted from vaginal secretions or saliva (Paz-Bailey et al., 2017) . Therefore, one of the more important modes of protection against Zika appears to be from the use of condoms or abstinence from sexual activity. However, our study showed that only 7% of participants used condoms. It is difficult to say if this low number is due to cultural beliefs or other factors entirely. It is unclear how many cases of Zika in the Dominican Republic are from sexual transmission, however, the Coelho et al. (2016) study suggests it is likely contributing to overall Zika infections.
A review of the literature suggests that there is a gap in public knowledge when it comes to information about the transmission of Zika virus. The study by PAHO/WHO/World Vision in the Dominican Republic (2016) further showed that around 57% of the population felt that both local and national organizations have not done enough to protect the population from Zika. The lack of proper public health education on the Zika virus becomes even more evident when compared with other Caribbean public health campaigns such as that in Martinique. Delet, Cabie, Merle, Volumenie & Monthieux (2018) showed that around 44% of the population was aware that Zika was transmitted sexually and 97.3% knew it was transmitted by mosquitoes. This increased knowledge was due to a public health campaign to educate patients in the OB/GYN setting and through media outlets such as television, newspapers and the internet. Interestingly, women in this study seemed to utilize more protective measures for the vector borne aspect of transmission such as sprays, removal of standing water and wearing long sleeves. However, similar to our study, only 7% of respondents used condoms for protection despite the increased knowledge of sexual transmission (44% vs. 17% in our study) (Delet, Cabie, Merle, Volumenie & Monthieux, 2018) . This possibly suggests a similarity in cultural beliefs against the use of condoms or perhaps lack of concern of sexual transmission of Zika despite knowledge of the possibility. Interestingly, another study in Malaysia showed residents had a lack of concern about sexual transmission of Zika (Arief et al., 2017) . With this in mind, the importance of future efforts at encouraging adherence to CDC guidelines for prevention of sexual transmission of Zika cannot be understated. Casapulla, Aidoo-Frimpong, Basta, and Grijalva (2018) suggested that in Ecuador, in addition to catholicism, another potential barrier to condom use could be due to cost. 18% of their participants stated cost as a barrier to obtaining condoms. This is a possibility in the Dominican Republic where about 30% of the population lives below the poverty line (Central Intelligence Agency, 2015). One study attempted to associate male concern for demonstrating masculinity with various sexual risk factors in the Dominican Republic, such as inconsistent condom use, using the gender roles conflict/stress (GRC/S) scale. It was an adapted seventeen question study with various questions addressing what men view as masculine. They found that a higher GRC/S scale was associated with less frequent condom usage, suggesting that males perceived consistent condom usage as less masculine (Fleming et al., 2018) . The case study published by Brooks et al. (2018) identified a woman infected with Zika virus by RT-PCR who had had condomless sexual intercourse with a man who displayed no symptoms. The woman had no history of travel, but the man had traveled to the Dominican Republic approximately two weeks prior to their encounter. The spread of Zika virus from asymptomatic males through condomless sexual intercourse to pregnant women early in pregnancy who may not know they are pregnant is a very real and disturbing possibility for both the mother and the fetus. This further highlights the importance for consistent condom use as well as increased public awareness in the Dominican Republic about Zika virus transmission methods. However, future research will have to focus on barriers to obtaining and using condoms in the rural populations of the Dominican Republic.
A special population to consider are those attempting to become pregnant where consistent condom usage is not feasible. The CDC currently recommends abstaining from sexual contact or using condoms for three months after the development of symptoms suspicious for Zika virus infection. In addition, they recommend abstaining from sexual intercourse during pregnancy, or consistent condom use (CDC, 2018) . It is not practical to test the serum of all individuals before attempting pregnancy, so these guidelines should be followed. For future LMSA trips to the Dominican Republic, there should be discussions with women who are trying to conceive, and to provide recommendations to them should they decide to have a planned pregnancy.
Another interesting finding in our study was related to the composite scores of knowledge of Zika transmission and prevention practices. Knowledge of Zika transmission methods did not seem to influence the level of concern for virus contraction. We hypothesized that increased knowledge of transmission methods would thus increase the level of concern for Zika contraction, but this did not seem to be the case in our study. This could be because the number of people that circled multiple correct transmission methods was very low compared to how many chose just one (usually mosquitoes), resulting in an inadequate response for statistical significance. The number of prevention practices used slightly increased as level of concern for contraction increased, but was not statistically significant. However, it is an interesting pattern and one that should be followed up on because it seems that as level of concern for virus contraction increases, the number of prevention practices may also increase. But from our data, we cannot prove this as the results were not statistically significant.
Unfortunately, our sample size for these questions was not large enough to draw any definitive conclusions, however it does suggest need for reevaluation of public health education and further research on this topic. The Dominican Republic would most likely benefit from more accurate and complete dissemination of information about the Zika virus from both health care providers and their primary source of information, television. Thus, improved health literacy can be accomplished by providing better information to television networks and through social media campaigns. It should be noted that Zika knowledge is perhaps associated with socioeconomic status or level of education. In one study in Brazil, it was found that education level was positively correlated with knowledge of Zika transmission and with current Zika virus prevention practice such as eliminating standing water, using mosquito nets and repellent (Carvalho et al., 2017) . In our study population, level of education is generally low and thus likely contributing to the lack of knowledge about the various transmission methods. Even in well-educated countries such as the United States, Zika knowledge is lagging. Of 200 survey respondents in one study in New York City, only 46% knew of the risk of disabilities to babies, and only 25% knew about sexual transmission (Samuel et al., 2018) . This speaks to the difficulty of disseminating accurate public health information, even in highly educated countries. However, knowledge about Zika was relatively limited at the beginning of the most recent outbreaks and is still being actively researched. As a result, public health information and education is most likely lagging behind as new information is becoming available. In addition, the relative success of the Martinique public health campaigns may or may not be comparable to that of the Dominican Republic as it is a part of the European Union and generally a wealthier nation. Regardless, communicating the new and accurate findings about Zika to the public will be important for the Dominican Republic in the future and also for the LMSA group to emphasize patient education about virus transmission on subsequent mission trips.
Further research needs to be done on the non-vector transmission of Zika in order to properly drive public education. Many avenues of virus transmission such as breast milk, seminal fluid, saliva, urine, amniotic fluid and blood are still being studied (Grischott, Puhan, Hatz & Schlagenhauf, 2016; Paz-Bailey et al., 2017) . In addition, research looking into dissemination of public health information between rural and urban centers would be useful to find any discrepancies in knowledge between these populations. Delet et al. showed that about 64% of respondents wished more information was available on the internet and social media (Delet et al., 2018) . Future research should be done to assess whether the internet would be a viable avenue of public health dissemination in the Dominican Republic. In addition, future studies would benefit from having more male participants and more focus on pregnancy, pregnancy intentions and contraception use as well as how these factors relate to prevention of Zika transmission.
Conclusions
This study revealed that women in Jarabacoa, Dominican Republic, were more concerned about Zika virus than men, and knowledge about the virus was limited. In general, people are protecting themselves against vector borne transmission but not non-vector borne modes of transmission. This is possibly due to the fact that people received most of their knowledge from the TV/news and medical providers who provided limited information, neglecting the sexual transmission aspect. In addition, due to the fact that research is still being actively done on the Zika virus, public health information and education has most likely not adequately caught up to the most recent information. Future medical mission trips should focus on better overall Zika virus education and information on personal protection measures such as barrier contraception. Limitations of the study include the small sample size (N=138). In addition, the study was only conducted in one rural population of the Dominican Republic and only tested subjects that came to clinic. In addition, the study had a majority of women. Future research studies are needed with more male participants, comparing dissemination of information in rural vs. urban communities, looking at pregnancy intention's affect on Zika knowledge and contraception use, and focus on social media's effect on public health education.
